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®I3UYHI 1 KOHCTPYKTUBHI OCOBJIMBOCTI KOMIIOHYBAHHSA
HM3Y BYPWIBHOI KOJIOHHA 3 OBBA’KHEHUX BYPUJIbHUX
TPYB 3MIHHOT'O MOMEHTY THEPIII{

3ag0annim 00cnioxnceHb, Wo po3eisioaromvcs Yy HABCOCHIl cmammi, € WLsAXU NOKPAWEHHS ma
nioguweH s WeUOKOCmI npoyecié OypiHHa ceepoiosuH. Memoodonozia OocsichenHs nocmagieHoi memu
bazyemvca Ha nidbopi ma 3acMOCY8AHHI MamMeMamuyHoi Mooeli, AKA 8paxo8ye (i3uKo-MexaHiuHi
HABAHMACEHHS, WO IX CNpUIIMAE OYPUTLHA KOJIOHA Y CBOI HUMCHIU Yacmuni. Bukopucmanns 8 KOMNOHY8aAHHI
Huzy oypunvroi koaonu (KHBK) obsascnenux oypuronux mpyo (OBT) 3minnOi scopcmrocmi, Wo CRpusutioe
NIasHY 3MIHYy MOMeHmY [Hepyii KOHCMPYKYIL, Yacmroso supiuye oany npobnemy. Pesynomamu, ompumani
UWUIAIXOM NPOGEOeHHs MeoPemuyHUX ma NPOMUCTIOBUX OOCTIOJICeHb, NIOMEEPOUNY OOYINbHICINb GUKOPUCHIAHHS
008adicHeHUx OypurbHUX mpyo 3minno2o momenmy inepyii (OBT3MI), 3a paxynok niagnozo nepepo3nooiny
Hanpyxcens y nepexioniu 30Hi ix 3’ eonans. Taxuil mexHono2iuHuil nioxio 3abe3neuye cKopoueHHs mepMiHie
OyOieHUYMEa ma 3anycKy @ ekcniyamayiro 0yposux ceeponosut Ha 30+60%.

Knirouosi cnosa: oypinus, momenm inepyii, KHPK, OFT.
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binprmicte  pomoBuin  YKpaiHM 3HAXONATHCS HA Mi3HIM  cramii  po3polOiieHHs 1
XapaKTCPU3YIOThCSI, TOJIOBHUM UWHOM, IUIACTAMH MaJloi TOTYXHOCTI Ta BEPTUKAIBHICTIO
HallapyBaHb MOKJIaAiB. BiamoBigHo, oaHMM 3 Halie()EKTUBHIMIMX NUIAXIB BUPILICHHA HpodieM
aKTUBI3aIlll pO3pOOJIEHHS TakuX 30H € OypiHHA TMOXWIO-CKEPOBAaHUX Ta TOPU30HTAIBHUX
cBepastoBHH. Taki poOoTu BUKOHaHi aBTopami [ 1] Ha cBepioBuHi Ne 155 KaraniBcbkoro poaoBuiia
Ta Ha cBepioBuHl No 172 IliBgenno-IlanaciBchkoro pojoBuiia (rOpU3OHTAIBHUNA CTOBOYD
poOypeHo noBxkuHOW0 150 M Ha rOuHy 2854 M). 3a yMOB OypiHHS ICHYFOUMMHU TEXHOJIOTISIMU Ta
HasBHUX KOMIIOHYBaHb HU3Yy OypHIIbHOI KOJIOHM BUHUKAIOTh YCKJIQJHEHHS Ta aBapii, Ha JIIKBIAALIIO
SAKHX BUTPA4YarOTbCsA 3HaYHI KOIITH. ToMy BHHHUKJIA HEOOXIJHICTH B PO3pOOIll HOBHX TEXHOJOTIH,
YCTaTKyBaHHs Ta HOBMX KOMIIOHYBaHb HHM3y OypuJIbHOI KOJOHH, sKi O 3a0e3nedmsivn BHCOKY
epeKTHUBHICTb OYpiHHS TOPU30HTAIHLHUX CBEPIJIOBHH.

[Tig wac OyniBHMIITBA HA(TOBMX 1 Ta30BUX CBEPIJIOBHH HAa OypWIIbHY KOJIOHY i€ LiJUit
KOMILUICKC TOCTIMHUX Ta 3HAKO3MIHHMX HABaHTAXCHb, CYKyNHA il SKUX TPU3BOAUTH [0
BUHUKHCHHSI 3HAYHUX HANpy>KCHb, HAKONMUYCHHS BTOMHUX TPILIUH 1, B KIHLIEBOMY pe3yJbTaTi, 10
BTOMHOTO PYWHYBAHHS CIIEMCHTIB OypPHIIbHOI KOJIOHH.

Jlns cTBOpeHHs1 HEOOXiTHOT OCHOBOI CHJIM HA JOJOTI Ta HAJAAHHS OUIBIIOT KOPCTKOCTI HU3Y
KOMITOHYBAHHS 3aCTOCOBYIOTh OOBaXk€H1 OypHJIbHI TpyOH, KUJIBKICTb 1 PO3MIpHU SKHMX 3aJ€KaTh BiJ
KOHCTPYKTUBHUX 1 TEXHOJOTIYHUX XapaKTEepUCTUK cBepioBuHHU. OOBakHEHI OypuiIbHI TpyOH
(OBT), mo npoaykyroThes cepiiiHo 3a TexHIYHUMH yMoBamu (TY 39-076-74), xapakTepus3yroThCs
B3JIOBXX TPYOM TIIOCTIHHUM OCHOBMM MOMEHTOM IHEpIii MONEPEeYHOro mepepisy, OCKUIBKH iX
30BHIIIHIN Ta BHYTPIIIHIN JiaMeTPH 3aTHIIAI0THCS HE3MIHHAMM.

[1ix yac 30upaHHs CBIYOK Y KOJIOHY JUIS 3’ €THAHHS CEKIii TpyO pI3HUX THIIOPO3MIpIB Y KpaiHax
KOJIMIIHBOrO PamsHCBKOro coro3y 3a3BUuYail BUKOPHCTOBYIOTh IIEPEXIIHUKH, AOBXKHHA KOTPHUX
cranoBuTh 0,3-0,7 M. ¥V Takux KOHCTPYKLIAX 4epe3 Pi3Ky
3MiHY KOPCTKOCTI y TIepexo/Ii BiJi OypHIbHHUX 10 00BaXKEHUX

e 2 OypunbHUX TpyO 3HAYHO 3POCTAIOTh HAMPYKCHHS, IO

@L 'TA_— CKOpPOUYE€ MEepiojl KPUTUUHOTO POCTY BTOMHUX TpiUUH. Jlist
A 3anobiranns npomy B CIIIA 3a pexomennanisimu APIA mifg

5/ | b g yac 30MpaHHSA KOMIIOHYBAaHHS 3aMICTh IEpeXiJHHUKA

=5 ‘ / BUKOPHUCTOBYIOTh MPOMDKHY BaxKy TpyOy 121, sxa

CKJIaa€Tbcs 3 TpboX JUISIHOK. CepemHsi 4YacTHHA Mae
MOTOBILIEHY, B IOPIBHSAHHI 31 3BUYalHUMU TPyOaMu, CTIHKY 1
/. ) 4 € 6 M 3aBnoBXKKHU. Jlo ii BHUCA/PKEHUX KIHIIIB NMPUBAPEHO B
7, ? ,/ CTHIK JIBI TOBCTOCTIHHI JTUISHKH: HIDKHS, IO Ma€ JIOBXKHUHY
0,6 M 1 BepXHsl 3 MPOTOYKOIO MiJ] €1I€BATOP 1 3aBAOBKKH 10
2,4 M. ToBIIMHY CTIHOK HMKHBOI T4 BEPXHBOT YACTHH TPyOH
€ onHakoBuMH. Taka mnpoMmixkHa TpyOa OUTBII TUIABHO

Lz

Oz
). . .
2 % 3 BIUCYETBCSI Yy TPO(iTb CBEPUIOBUHH, aJic TIOBHICTIO
; // L = npoOieMu He BUPIILY€, OCKIIbKH JIMILIE HE3HAYHO 3HUXKYE
%y /,;// /{/ KOHIIEHTPALII0 HampyXeHb y 30HI, M0 Oe3mocepenHbo
! // 2 IIPUMUKAE J10 061§a>KHeHHx 6ypnngHx TpyO.
| N . 1 3a anamizoM poOOTH ICHYIOUMX OypuUIbHUX Ta
‘% A oOBakeHUX  OypwibHHX  TpyO,  TEOPETHUHHUMH 1
| EeKCTIIEPUMEHTATBHUMH  JIOCIIDKEHHAMH MU PO3pPOOHITH

|
Oy

KOHCTPYKILIi 0OBaXXHEHUX OypHJIbHHUX TpyO 3MiHHOI
xopcriocTi (OBT3XK) [2— 4]. Ix 3acTocyBanHs 3a0e3meuye:

Puc. 1. Obsasxcrena Oypunvha 3HAYHE 3HIDKEHHS HamNpy>XeHb y NepexigHiil 30H1 Bif
mpyba 3minHo20 Momenmy inepyii OypunsHux TpyO (BT) mo oOBaxkHEeHUX OYypHIBLHUX TPYO

28



PO3JILI 1. [IOPOJIOPYUHIBHUN IHCTPYMEHT 3 HAJ{TBEP/JUX MATEPIAJIIB
1 TEXHOJIOTIA HOI'O 3ACTOCYBAHHA

(OBT); migBumieHHS CTIMKOCTI 1 HAMIMHOCTI OypHIBHOI KOJOHM; TIOJICTIICHHS OMYCKallbHO-
MiIAMaTEHAX OTIEPAIlii 1 JIOBUIILHUX POOIT.

3anponoHoBaHi KOHCTPYKLIi TpyO Ta CBiuKy, 310paHy 3 HUX, 300pakeHo Ha puc. 1.

OBT3MI Bruirouae po3MillieH1 Ha KIHLAX 3aMKOBI1 pi3b0O0B1 AUISHKU: HineabHy 1 Ta My(dToBYy
2. Tino nmponoHOBaHUX 00BaKEHUX TPYO YTBOpEHE TPhOMa AiNSTHKAMHU 3, 4, 5 3 pi3HUMHM 30BHIIIHIMU
niametpamu D, D, D3 BinnoBigHo. MakcuManbHUN MOMEHT 1HEPIIii OoTepedHoro nepepizy /; Tpyda
Ma€ B HIDKHIN 4acTUHI, 3’ €THaHIi B eKCIUTyaTalliifHIX yMOBaX 13 CEKIi€l0 00BaKHEHUX OypHIIbBHUX
Tpy6 (OBT), a MiHIMaIbHUIT MOMEHT iHepmii /3 € y BEpXHiil YacTHHI, 3’€IHaHIN 3 OypUILHUMU
tpyOoamu (BT). Benmumna MoMeHTY iHepIii MomepedHoro mepepisy B3JO0BXK KOMXKHOI HACTYITHOL

IUISTHKM  OOBa)XKHEHOI OypwWJIbHOI TpyOM 3MIHHOTO
Dz Ds . .
/—’\ momenTy iHepuii (OBT3MI), paxyroum Big BuOOIO,
3MeHIyeTbest Ha 25-30 %.

VY KOHCTPYKIisIX 00BaXHEHNX OypHIBHUX TPYO
3MIHHOTO MOMEHTY 1HEpLii eKCHOHEHLiaIbHOI (hopMU
(puc. 2) 3MiHa 30BHINIHBOTO JiaMeTpy TpyO BiA
HIMENAbHOI /10 My(TOBOi YAaCTMHM 3MIHIOETbCS 32
3aJIC)KHICTIO:
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3MIHHM TIOIIEPEYHOr0 TIepepizy TPyOH 3 IMOYaTKOM
BIJUTIKY BiJ HIIIEJA; o Ta S — KOHCTAHTH.
Craiti o Ta f BU3HAYaIOTHCS 3a CITIBBITHOIICHHIMHU:
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ne D; 1 Dy — BIANMOBIAHO MAKCUMAILHUN 1 MIHIMAITLHUH
30BHIIIHI JiamMeTpu TpyOu; L — JOBXMHA Kopmyca
TpyOHu.

[1ix yac 30upaHHs CBIYKK B KOMIIOHYBaHH1 HU3Y
OypHJIbHOI KOJIOHM 3 BIJOMHUX TPyO KOJIOHHM € YCTYIIH, 110 BUKOPUCTOBYIOTHCS Ul KPIIUIEHHS B
€JIeBaTOpi 3a OMyCKaIbHO-MIAINMaIbHUX Onepalliid. 3a yMOBU pOOOTH KOJIOHU OypUIBHUX TPYO y
MICIII BCTaHOBJICHHS OOBaXHEHUX OypWJIBHHX TpyO 3MIHHOTO MOMEHTY iHepuii 3abe3nedyeThcs
IUTaBHA 3MIHA JKOPCTKOCTI Bl Ba)XKOI0 HU3Y 10 OypwIbHUX TpyO, IO MOB’A3aHO 3 HOCTYIIOBUM
3MEHIICHHSM J1iaMeTPiB AUISTHOK MPOITOHOBAHOI KOHCTPYKIII.

VY BUMNaAKy NMPUXOIJICHHS HU3Y OypHIIbHOT KOJIOHM HENPHUXOIJICHY YaCTUHY BiAKPYUYIOTh Y
BEPXHBOMY Pi3bOBOMY 3’€HaHHI CBiUKM. OCKUTBKHM BEPXHSI JUISTHKA 00BaXHEHOT OYpHIILHOT TpyOH
3MIHHOTO MOMEHTY IHEpLil Ma€ MEHIIMH JAiaMeTp MOPIBHAHO 31 3BUYAMHOIO OOBAXKHEHOMO
OypUIBHOIO TPYOOI, 3 SBISETHCS JOMATKOBA MOXIIMBICTH PO3MIIICHHS JTOBUJIBHUX 3acO0IB 13
30BHIITHKOT CTOPOHU TPYOU B 3a30pi, YTBOPEHOMY 31 CTIHKOIO CBEPAJIOBUHHU.

Ha ocHoBi mimibpaHux MareMaTH4YHHX MoOACNCH it poOOTH OypHIBHOI KOJOHH 3
00BaXHEHUX OypUIBHUX TPYO 3MIHHOTO MOMEHTY iHEpI[il BUBYABCS XapaKTep 3MiHU HAMPYKEHb, iX
JIOTTYCTUMUI pIBEHb Ta ONTUMAalbHI 3HA4eHHA [ 5, 6].

Oo6BaxkHeHa OypuibHa TpyOa 3MIHHOTO MOMEHTY i1HEpLii Mae eKCIOHEHIialbHy (opMy (Ha
3pa3ok ElideneBoi Bexi), 3MIHHUH TTepepi3 Ta BHYTPIIIHIA OTBIp MMOCTIHHOTO JliaMeTpy, Py KHA JTIHIsA
SKOTO Iepe0yBae IIiJT 1i€l0 OChOBHX 1 BIAIIEHTPOBUX CHUJI, KDYTHOTO MOMEHTY, TUCKY 1 TIPOMHUBAIBHOL
PLAMHY, L0 PYXAEThCA.

Puc. 2. Cxema obsadicnenux
OYpUTLHUX MPYO eKCNOHEHYIAIbHOT
Gopmu 3i IMIHHUM MOMEHMOM iHepyii
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Jludepenuianbie piBHIHHS MOB30OBXKHIX KOJMBaHb TPyOM 3MIHHOTO MOMEHTY iHepIii Mae
BUTIISA [S]

%{A(x)E%} = p ) D = 4 g— f () (1)

I u(X, t) — nepeMilleHHs X — epepizy Tpyou B MOMEHT Yacy ¢, E — MoJlyJib IPY>KHOCTI; p — TYCTHHA
Marepiany TpyOu; g — MPUCKOPEHHS 36MHOTO TsHKIHHS.
Po3B’s13ytoun piBHAHHS (1) 3 BpaxyBaHHSAM IpaHUYHUX YMOB IMHAMIUHI CKJIa10B1 cuiu F(X, t)

Ta KPYTHOTO MOMEHTY (X, t) B X — Tepepi3l 3MIHHOTO MOMEHTY IHepIii 3HaXOJIWMO 3a
CHIBBIJHOIIICHHIMMU:
dU
F(x,t):—A(x)E—e’”,
dx
dp(x)

plx.)==1,(x)G ==

Mu otpumanu rpadiuHi 3aJ€XHOCTI 3MIHM aMILTITYJ] AMHAMIYHUX CKJIAJJOBUX NEPEMILIEHb
U(x) cun F(x), KyTiB TOBOpPOTY (o(x) 1 KpDyTHUX MOMEHTIB K (X) 110 JOBXKUH1 OypHUIBbHOI KOJIOHH.

TeopeTuuHi po3paxyHKH 3aCBIIUMIIH, [0 TIEPEXITHI JUISHKU BiJ TPYO OJHOTO TUIIOPO3MIPY J0
1HIIIOr0, HaOpaHi 3 00BaXKHEHUX OypUIIBHUX TPYO 3MIHHOIO MOMEHTY 1HEPIIii, CIPUYHHIOIOTH IJIAaBHY
3MiHY JMHAMIYHUX XapaKTePUCTUK B3IOBK KOJIOHH, TOOTO € HASIBHUM MPOIIEC IJIABHOI 3MiHM MOMEHTY
1HEepIIi1, 110 CIPHSE MIBUIICHHIO 11 JOBMOBIYHOCTI 32 YMOB OypiHHS CBEPUIOBUH POTOPHHUM CITOCOOOM.

Jns miaTBepIKEHHS pPe3yJbTaTiB aHANITHYHUX JOCHIHKEHb 3aKOHOMIPHOCTEH 3MIHU
HaIpy’KeHb, K1 BUHUKAIOTh B €JIEMEHTaX OYpHJIbHOI KOJIOHU 32 HasBHOCTI OOBaKHEHUX OypMIIBHUX
Tpy0 3minHOTO MOMeHTy iHepiii (OBT3MI) B komnonyBanni Huzy OypunbHoi kononn (KHBK), 6yio
MIPOBE/ICHO EKCIePUMEHTANIbHI JOCITIDKeHHs HaTypHHMX 3pas3kiB KoHCTpykmiit OBT-178, OBT-203,
OBT3MI-178, OBT3MI-203. Anaii3 pe3yabTaTiB eKCIEPUMEHTAIBHUX JIOCHIPKEHb HATYPHHUX 3pa3KiB
Ha Omip BTOMI Ta BTOMHOTO pyWHYBaHHS OypUJIbHHUX TPyO 3a YMOB OYpiHHSI CBEPJJIOBUH POTOPHUM
crocoboM NokKasas, 110 371aMH BiJOyBatOThCS nepeBakHo Ha Bifnami 0,4-0,6 M BiJ TOpIA 3aMKa.

JocnipkeHHs nokaszany, mo 3acrocyBaHHs OBT3MI excnoHeHmianbHOI GOpMH B MICIISIX
Nepexoay Bifl OJHOTO THIIOPO3MIpy 0 iHIIOTO MPHU3BOIUTH JI0 3MEHIICHHS HATPY)XEHb Y 3aMKOBHX
pi3b0oBuX 3’ eqHaHHAX 10 30 % Ta 10 60 % B TUI1 OypHIIbHOT TPYOH, sika 3’ eaHyeThcst 3 OBT3MIL

Jlisi BU3HAUYEHHS TPAaHMINl BUTPHBAJIOCTI €JIEMEHTIB OYPHJIBHOI KOJIOHH OyJIO MPOBEICHO
€KCIIEpUMEHTAJIbHI JTOCIIKEHHsI Ha OIip BTOMI HAaTypHHUX 3pa3KiB OypUJILHHUX Ta OOBa)KHEHUX
OypHIBHUX TPYO y TOBITPSHOMY Ta KOpO3iiHOMY cepemoBumiax [7, 8]. Y sSKocTi KOpo3iitHOTO
CEpEelIOBHUINA B YMOBaX JOCTIIKEHb BUKOPUCTOBYBaBCs 7 % Boguuid po3unH NaCl.

OckinbkN Ha OypHIIBHI TPYOH, KpiM 3THMHAIOYOTO MOMEHTY, IIIOTh TaKOX CHIIM PO3TATY-
CTHCKY (Bara OypuibHOi KoJoHM), aBTOopamH [8] Ha ctenai CITYP Gyno npoBeneHo nocinimKeHHs
BIUIMBY CHJI PO3TSTY-CTHCKY Ha OMip BTOMi OyPHUIIBHHX Ta JISTKOCIUIABHUX OYPHIIBHUX TPYO.

PesynbTatu BUnpoOyBaHb HaBEICHO HA PHC. 3.
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o,(MIla) 200

150

==bT-140xOBT3MI-178
=#=5T-140xObT-178
BT-140xOBT-203

0.1 02 03 04 05 0.6 0.7 08 0.9

L(m)

Puc. 3. Po3nodin HopmanbHUux Hanpysicens no miny 6ypuivHoi mpyou 6 nepexionit 30ui 6io BT 0o
OBbT 3a 00HaK08020 HABAHMAJICEHHS

JlocmiKeHH s oKa3ay, 1110 B KOPO31iHOMY CepeIOBHILI 3a BIICYTHOCTI 3yCHIIb PO3TSTY-CTUCKY
YMOBHA IPaHMLIsl BUTPUBAJIOCTI OYpUIIbHUX TPYO 3HMXKYeEThCS 10 28 % (kpuBa 1), a 3a HaKIaJaHHs CUIT
posrary P=106 H 3menmyersca me Ha 38-40% (kpuBa3). TakuM UYMHOM, YMOBHA TI'paHMLA
BUTPUBAJIOCTI OypWJIBHUX TPYO 3a CyMICHOI Jii KOPO3IMHOrO CepeloBHIIA Ta CHUJ PO3TATY-CTHCKY
craHoBUTh 42-50 Mlla, 110 € em10 HIKIUM 3a TPAHHILIF0 BUTPUBAIOCT] 3aMKOBHX Pi3bOOBHX 3’€THAHB
00Ba)KHEHUX OYpHUJIbHUX TPYO 13 3api3b00BUMH PO3BAHTAKYBaIbHUMHU 3ariHOIEHHAMHU (KpuBa 2).

3 ypaxyBaHHSM TOTO, IO T'PaHMIIO BUTPHUBAJIOCTI 3aMKOBHUX pPi3bOOBUX 3’€/IHAaHb MOXKHA
IIBHUIYBATH 32 PaXyYHOK KOHCTPYKTHBHHX Ta TEXHOJIOTIYHUX (PAKTOpIB (TaKUX SK MOBEPXHEBO-
acTuuHa aedopmartis, azepHa oOpoOka, METO| YIbTPA3BYKOBOI'O BIUIMBY, Pi3b0a rajTelbHOrO
TAIy Ta 1H.), HaWCIa0IIMM €JIeMEHTOM KOJOHHM € OypwibHa TpyOa, IO ¥ MiATBEPIKEHO
CTaTUCTHYHUM aHAJII30M aBapiifHOCTI Ha MPOMHCIIOBUX OYypPOBHX ITiIIPUEMCTBAX.

Onepxkani  pe3ydbTaTH  MIATBEPKYIOTh  JOMUIBHICTH  IIUPOKOTO  TTPOMHCIIOBOTO
BUKOPUCTaHHS 00BaXEHUX OypuibHUX TPpyO 3MiHHOrO MoMeHTy iHepuii (OBT3MI), ski 3abe3neyars
3MEHILEHHS HaNpyXeHb Yy MepexigHii 30H1 Bi oOBakHeHUX OypunbHuX TpyO (OBT) mo 3BUKIMX
Oypunbsaux TpyO (BT), 3HM>KEHHS piBHS BiOpawii OypriIbHOI KOJOHH Ta aKyMyJIsLii eHeprii Ha BUOOT,
MiJBUIICHHS CTIMKOCTI OypHIIbHOT KOJIOHH, MOJIETIIEHHS OMyCKaTbHO-MIIHMaIbHUX Ta JTOBMIBHUX
POOIT 1 MiABHUILEHHS HAAIHHOCTI OYPUIBHOT KOJIOHH 3arajoM B Ipotieci OyNiBHUIITBA CBEPITIOBUH.

Takum unHOM, 0Ga3yrouyuch Ha MPOBEIEHUX AOCIIIPKEHHSIX, HAMH 3pO0JIEHO BUCHOBOK IPO
MOJKJIMBICTh HaOHMpaHHs ceKiii oOBaxkHeHNX OypuiabHUX TpyO (OBT) 3 TpyO 3MIHHOrO MOMEHTY
iHepIlii 3a yMOB OYypiHHS CBEpUIOBHH y HEOE3NEeYHHUX, 3 TOYKH 30py IPHUXOILIEHb, pO3pi3ax.
YTBOpIOBaHi 3a WX YMOB y KOMIOHyBaHHI HU3Yy OypriibHoi kotonn (KHBK) mepenaan xopcrkocTi
JIO3BOJISIFOTH CTBOPIOBATH ITYJIbCYIOU1 3yCHIUIA, SIKI CIIPUSIOTH IONEPEIKEHHIO TPUXOIICHb.

Jlana koHCTpyKwLis oOBaxHeHO1 OypmibHOI TpyOum 3miHHOTO MOoMmeHTy iHepiii B KHBK
3aXMILEHa NaTeHTOM YKpaiHu [9].

M. Je. Chernoval, Ja. V. Kuntsiak?
'Ivano-Frankivsk National Technical University of Oil and Gas
’PJSC SRIDB drilling tool

PHYSICAL AND STRUCTURAL FEATURES OF THE COMPOSITION
OF THE BOTTOM OF A DRILL STRING FROM WEIGHTED DRILLING
PIPES WITH A VARIABLE MOMENT OF INERTIA
The task of the research considered in this article is the ways to improve and increase the speed of well
drilling processes. The methodology for achieving this goal is based on the selection and application of a
mathematical model that takes into account the physical and mechanical loads that the drill string perceives in its
lower part. The use of variable stiffness drill collars (VSDC) in the bottom hole assembly (BHA), which leads to a
smooth change in the moment of inertia of the structure, partially solves this problem. The results obtained by
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carrying out theoretical and industrial studies confirmed the feasibility of using drill collars with variable moment
of inertia (DCVMI) due to the smooth redistribution of stresses in the transition zone of their joints. This
technological approach provides a reduction in the construction and commissioning of wells by 30—60%.

During the construction process of oil and gas wells, the drill string is subjected to a complex of
constant and alternating loads, the combined effect of which leads to the occurrence of significant stresses,
the accumulation of fatigue cracks and, ultimately, to the fatigue failure of the drill string elements.

To create the required axial force on the bit and provide greater rigidity of the bottom of the layout,
weighted drill pipes are used, the number and dimensions of which depend on the structural and technological
characteristics of the well. Weighted drill pipes (WDP), which are produced serially according to technical
conditions (TU 39-076-74), are characterized by a constant axial moment of inertia of the cross section along
the pipe, since their outer and inner diameters remain unchanged.

During the assembly of candles in a column to connect pipe sections of different sizes in the countries
of the former secular union, adapters are usually used, the length of which is 0.3—0.7 m. In such structures,
due to a sharp change in stiffness in the transition from drill to weighted drill pipes stresses increase
significantly, which shortens the period of critical growth of fatigue cracks. To prevent this in the USA,
according to the recommendations of ARIA, when assembling the layout, instead of the adapter, an
intermediate heavy pipe 121, which consists of three sections, is used. The middle part has a thickened wall,
compared to ordinary pipes, and is 6 m long. Two thick-walled sections are welded to the joint to its planted
ends: the lower one, which is 0.6 m long and the upper one with a groove under the elevator and up to 2.4 m
long. The thicknesses of the walls of the lower and upper parts of the pipe are the same. Such an intermediate
pipe fits more smoothly into the profile of the well, but does not completely solve the problem, as it only slightly
reduces the stress concentration in the zone directly adjacent to the weighted drill pipes.

Based on the analysis of the work of existing drill pipes and weighted drill pipes, as well as on the
theoretical and experimental studies, we developed constructions of weighted drill pipes of variable moment
of inertia (WDPVMI). Their use provides: a significant reduction of stresses in the transition zone from drill
pipes (DP) to weighted drill pipes (WDP), increasing the stability and reliability of the drill string; facilitation
of lowering and lifting operations and fishing operations.

During the assembly of the candle in the arrangement of the bottom of the drill string from the well-
known pipes, there are ledges along it, which are used for fastening in the elevator during lowering and lifting
operations. Under the condition of operation of the drill pipe column at the place of installation of weighted
drill pipes of variable moment of inertia, a smooth change in stiffness from the heavy bottom to the drill pipes
is ensured, which is associated with a gradual decrease in the diameters of the sections of the proposed
structure. If the bottom of the drill string is caught, the uncaught part is unscrewed in the upper threaded
connection of the candle. Since the upper part of the variable moment of inertia weighted drill pipe has a
smaller diameter, compared to a conventional weighted drill pipe, there is an additional possibility of placing
fishing tools from the outside of the pipe in the gap formed with the well wall. On the basis of selected
mathematical models for the operation of a drill string made of weighted drill pipes of a variable moment of
inertia, the nature of stress changes, their permissible level and optimal values were studied. A weighted
variable moment of inertia drill pipe is exponentially shaped (like the Eiffel Tower), has a variable cross-
section and a constant-diameter internal bore, the elastic line of which is subjected to axial and centrifugal
forces, torque, pressure, and moving flushing fluid.

Key words: drilling, moment of inertia, variable stiffness drill collars (VSDC), bottom hole assembly
(BHA).
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